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(57)Abstract: 

PURPOSE: To obtain a drive control apparatus in which a gentle 
reverse is realized when a torque is released from a stall state in 
the case of using a synchronous motor as a drive motor. 
CONSTITUTION: A torque instruction T*q is computed on the 
basis of an accelerator opening Acc (100), a stall is detected on 
the basis of the torque instruction T*q and a vehicle velocity (v) 
(102, 104), and the torque instruction T*q is reduced when the stall 
is detected (114). Since the reduction amount of the torque 
instruction T*q is set according to the deviation of the (v) with 
reference to a set vehicle velocity (v*) f the speed of the reverse of 
a vehicle due to a reduction in the torque instruction T*q can be 
limited. Since the reduction in the torque instruction T*q is started 
by the passage of the stall permissible time TMO which is set 
according to the torque instruction Tq, the frequency of a torque 
reduction control operation can be suppressed. Since it is not 
required to detect the temperature, it is not required to install a 
temperature sensor so as to correspond to every power element. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The drive control unit of the electric vehicle characterized by to have a means detect the urinal stall 
condition which a drive motor has stopped mostly in spite of being given torque, and the means which carry ou 
the reduction control of the torque of a drive motor so that the retreat rate or the acceleration of a car may 
become below a predetermined rate, when the above-mentioned condition is detected in the drive control unit c 
the electric vehicle which is carried in the car equipped with a synchronous motor as a drive motor, and carries 
out the drive control of the drive motor. 

[Claim 2] The drive control unit of the electric vehicle characterized by having a means to set up the allowed 
time about continuation of the above-mentioned condition in the drive control unit of an electric vehicle 
according to claim 1 based on the torque to which it is given by the drive motor, and a means to perform the 
above-mentioned reduction control only when the above-mentioned condition is continuing exceeding the set- 
up allowed time. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is carried in the car equipped with a synchronous motor as a drive 
motor, and relates to the drive control unit of the electric vehicle which carries out drive control of the drive 
motor. 

[0002] 

[Description of the Prior Art] An example configuration of an electric vehicle is shown in drawing 3 In this 
configuration, the three-phase-alternating-current motor is used as a drive motor 10, and that drive power is 
supplied from the dc-battery 14 through the inverter 12. That is, the discharge power of a dc-battery 14 is 
transformed into three-phase-alternating-current power by the inverter 12, and is supplied to a drive motor 10 a 
drive power The inverter 12 is equipped with one pair each of power switching elements corresponding to eacl 
phase coil of a dnve motor 10, and is performing above-mentioned power conversion by switching of these 
switching elements. The switching element corresponding to [ in the switching element corresponding to / in th 
switching element corresponding to U phase coil / V phase coil by U+ and U- ] W phase coil by V+ and V- is 
expressed by W+ and W- among drawing, respectively. 

[0003] The oujut of a drive motor 10 is controlled by the control section 16. That is, the rotational frequency I 
of the motor 10 detected by the rotation sensor attached to the accelerator opening Acc and the drive motor 10 
in which the output demanded is shown is inputted into a control section 16, and a control section 16 generates 
a torque command based on these. A torque command is an output torque required of a drive motor 10 and a 
control section 16 generates an PWM (pulse width modulation) signal based on this, and supplies it to each 
switching element of an inverter 12. The three-phase-alternating-current current which carries out alternation tc 
each phase coil of a dnve motor 10 flows by this, and the output torque of a value according to the accelerator 
opening Acc etc. is given to a drive motor 10. 

[0004] As a drive motor 10, a permanent-magnet type synchronous motor can be used, for example. Per unit 
volume, since field magnetomotive force is large, the permanent-magnet type synchronous motor is suitable foi 
small large capacity-ization of a drive motor 10. However, in a synchronous motor like a permanent-magnet 
type synchronous motor, it needs to be cautious of generation of heat arising in a idle state. That is unlike the 
motor which does not stop if it slides like an induction motor and the alternating field according to a frequency 
are not generated in the condition of having stopped, a current concentrates on the switching element and coil 
concerning the phase of any one piece, and generation of heat arises at a synchronous motor 
[0005] For example, suppose that the drive motor 10 stopped in the condition that switching element U+ V- 
and W- turn on, and U-, V+, and W+ turn off. In this case, in a permanent-magnet type synchronous motor, ' 
since a skid does not arise, as shown in drawing 4 , the current which flows in each phase coil of a switching 
element or a dnve motor 10 turned on in an inverter 12 turns into flowing in one direction. Moreover, the 
current (I) which flows in switching element U+ and U phase coil also in it becomes twice [ which flows in V 
phase and W phase coil at switching element V- and W-list ] a current (1/2). Therefore, switching element U+ 
and U phase coil generate heat more notably than other switching elements and coils. Thus, in a idle state, local 
generation of heat occurs in an inverter 12 or a drive motor 10. Especially local generation of heat by such halt 
may be produced when a car stops in the state of the time of urinal stall generating, i.e. a climb since 
mclination is large. ' 

[0006] What is necessary is to detect the temperature of each phase coil of each switching element of an 
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inverter 12, or a drive motor 10, and just to reduce a torque command, when temperature becomes beyond a 
predetermined value in order to prevent such fault (refer to JP,59-126599,U, concerning the exoergic preventio 
technique based on a temperature detection result). That is, by reducing a torque command value, the current 
value itself which flows on a motor was made small, and generation of heat of a motor coil is controlled 
[0007] 

[Problem(s) to be Solved by the Invention] However, on a climb way, when the motor torque which is extent tc 
which a car does not retreat by accommodation of the accelerator of a driver was given and torque was only 
extracted by the above-mentioned approach for motor protection, the car retreated suddenly and there was a 
possibility of worsening the feeling of a driver. This invites the anxiety of the thing and pilot who do not 
become trouble to safe operation. 

[0008] It makes as a technical problem that this invention solves such a trouble, and while restricting the retrea 
rate at the time of performing reduction control of a torque command value, it aims at preventing local 
generation of heat and offering the electric vehicle which is a rapid retreat of a car and which can marshal in 
comfort rather than there is nothing by presuming generating of local generation of heat, without forming man) 
temperature sensors. 
[0009] 

[Means for Solving the Problem] In order to attain such a purpose, this invention In the drive control unit of the 
electric vehicle which is carried in the car equipped with a synchronous motor as a drive motor, and carries out 
drive control of the drive motor So that the retreat rate or acceleration of a car may serve as a means to detect 
the urinal stall condition which the drive motor has stopped mostly in spite of giving torque, below a 
predetermined rate, when the above-mentioned condition is detected It is characterized by having the means 
which carries out reduction control of the torque of a drive motor. 

[0010] This invention is characterized by having a means to set up the allowed time about continuation of the 
above-mentioned condition further based on the torque to which it is given by the drive motor, and a means to 
perform the above-mentioned reduction control only when the above-mentioned condition is continuing 
exceeding the set-up allowed time. 
[0011] 

[Function] Detection of a urinal stall condition is performed in this invention. Detection of a urinal stall 
condition carries out reduction control of the torque of a drive motor according to this. Therefore, in this 
invention, if a urinal stall condition occurs on a climb way, retreat of a car will arise by torque reduction 
control. However, this retreat will not become rapid. That is, since torque reduction control is performed so tha 
the retreat rate or acceleration of a car may become below a predetermined rate, a retreat rate and acceleration 
are restricted and it is lost that a pilot feels anxiety. Moreover, if reduction control of torque is performed, sine* 
a current will begin to carry out alternation in the drive motor constituted as a synchronous motor, 1 phase 
concentration of a current is prevented. Therefore, even if a urinal stall condition occurs, local generation of 
heat remarkable in the power circuit of a drive motor and others does not arise. Moreover, since it is in the 
condition that a rate is set to about 0 in spite of having given torque to the drive motor, a urinal stall condition 
can detect temperature independently. Therefore, local generation of heat is prevented in this invention, withou 
forming a temperature sensor. 

[0012] In this invention, further, only when the urinal stall condition is continuing exceeding allowed time, 
torque reduction control is performed. Moreover, torque reduction control will be started, presuming extent of 
local generation of heat which will be generated, since this allowed time is set up based on the torque given to 
the drive motor corresponding to the value of the torque current which flows to a drive motor etc. Therefore, 
when the time amount which the urinal stall condition is continuing is a short time so that local generation of 
heat does not become a problem, torque reduction control is performed and a car does not retreat 
[0013] 

[Example] Hereafter, the suitable example of this invention is explained based on a drawing. In addition, since 
this invention can be carried out under the equipment configuration shown in drawing 3 , it carries out the 
premise of the equipment configuration of drawing 3 in the following examples. However, the details of the 
equipment configuration of drawing 3 do not take limitation to this invention. 

[0014] The flow of actuation of the control section 16 in one example of this invention is shown in drawing 1 . 
The flow of the actuation shown in this drawing includes the control action at the time of urinal stall generating 
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concerning the description of this invention. 

[0015] In actuation of this drawing, a control section 16 calculates a torque command first based on the 
rotational frequency N of the drive motor 10 detected by the accelerator opening Acc and the rotation sensor li 
which are inputted (100). This torque command is a torque command calculated based on the accelerator 
opening Acc, and since it may not actually be outputted as torque command T*q, it is hereafter expressed as 
T*qa. In step 100, torque command T*qa calculated based on the accelerator opening Acc is substituted for 
torque command T*q. 

[0016] Next, a control section 16 performs urinal stall detection (102,104). It is in the condition that in the 
urinal stall condition the car is not running here in spite of giving torque to the drive motor 10. Therefore, a 
urinal stall condition is detectable by detecting that torque command T*q is above large to some extent, and th< 
vehicle speed is about 0. Therefore, the control section 16 is judging whether a judgment (102) and the'vehicle 
speed v with larger torque command T*q than the quiescence torque permissible dose value TM 0 are about 0 
(104). The quiescence torque permissible dose value TM 0 supports the allowable current IM 0 at the time of 
drive motor 10 quiescence here. The allowable current IM 0 is set as the value which does not need to perform 
special control corresponding to a urinal stall, especially if the current exceeding this allowable current IM 0 
does not flow even if it is in the condition that the drive motor 10 is standing it still. Furthermore, the vehicle 
speed v is calculated based on the rotational frequency N of the drive motor 10 detected by the rotation sensor 
18. Only when torque command T*q is larger than the quiescence torque allowed value TM 0 and the vehicle 
speed v is about 0, a control section 1 6 performs control corresponding to a urinal stall, and when other, it 
controls the torque of a drive motor 1 0 based on torque command T*qa calculated in step 1 00 ( 1 06). 
[0017] When a urinal stall condition is detected by steps 102 and 104, a control section 16 performs step 108 
first. In step 108, the urinal stall allowed time TO is calculated based on torque command T*q, i.e., torque 
command T*qa calculated based on the accelerator opening Acc. Related T0=f (T*q) used in that case is 
relation as shown in drawing 2 . That is, allowed time TO is short set up, so that torque command T*q becomes 
large. This is because a urinal stall condition is nonpermissible for a long time, when the current with it is 
flowing. [ large therefore torque command T*q and ] [ great to a drive motor 1 0 ] With the timer to build in, a 
control section 16 counts the passage of time (110), and judges whether the urinal stall allowed time TO to ' 
which the counted time amount t was set was exceeded (1 12). When time amount t is not over the urinal stall 
allowed time TO, the shift to the torque reduction control described below is once suspended, and the torque 
control of a drive motor 1 0 based on torque command T*q is performed ( 1 06). 

[0018] When judged with time amount t being over the urinal stall allowed time TO in step 1 12, a control 
section 16 substitutes T*qa-k (v*-v) for torque command T*q (1 14). v* is the control objectives of the vehicle 
speed v here, and k is a constant. When the torque control based on this torque command T*q is performed 
through steps 1 16-120 mentioned later, the current to which the output torque of a drive motor 10 flows to each 
switching element of each phase coil of a drive motor 10 or an inverter 12 since only an equivalent for k (v*-v) 
will be reduced begins to carry out alternation, and 1 phase concentration of a current stops arising. Thereby, 
local generation of heat of a drive motor 10 or an inverter 12 resulting from a urinal stall is prevented. 
Furthermore, the amount of reduction of the torque command in that case is defined according to the error of th 
actual retreat vehicle speed v to setting vehicle speed v*. Therefore, retreat of the car produced by reduction of 
torque command T*q in step 1 14, as a result reduction of the output torque of a drive motor 10 will not becomt 
rapid. That is, since the retreat rate v will be controlled and restricted so that it may become setting vehicle 
speed v*, a car pilot does not feel the anxiety by rapid retreat. 

[0019] Step 116 performed after step 1 14 activation is the judgment of whether torque command T*q is less 
than zero. This step is performed in order to prevent the inversion power running of a drive motor 10. That is, i 
the motor torque control in step 106 is presented with this torque command T*q as it is when torque command 
T*q becomes a negative value as a result of reduction of torque command T*q by step 1 14, a drive motor 10 
will act as inversion power running. Step 106 is performed after 0 is set as torque command T*q in continuing 
step 118 that such a situation should be prevented, when it is judged whether torque command T*q is negative 
and it is negative in step 1 1 6. 

[0020] When judged with torque command T*q not being negative in step 116, the judgment of whether the 
vehicle speed v is about 0 is performed by step 120. That is, the judgment of being a flat ground is performed 
for the vehicle speed v by the judgment of being about 0, when judged with it being a flat ground, it shifts to 
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step 1 18 and 0 is set as torque command T*q. In being other, it shifts to step 106, and control based on torque 
command T*q set up in step 1 14 is performed. 

[0021] Thus, local generation of heat of a drive motor 10 or an inverter 12 can be prevented, without forming 
many temperature sensors, in spite of using the permanent-magnet type synchronous motor as a drive motor 1C 
since according to this example a urinal stall condition is detected and torque reduction control of a drive moto 
10 is performed. Moreover, since it was in charge of torque reduction control and the amount of torque 
command reduction is determined based on the error of the vehicle speed v to setting vehicle speed v*, in case 
car retreats in connection with reducing the output torque of a drive motor 10, the retreat rate v will be restricte 
by setting vehicle speed v*, and anxiety is not given to a car pilot. In addition, in order to perform torque 
reduction control after the urinal stall allowed time progress which set up and set up the urinal stall allowed 
time TO according to the value of torque command T*q, the frequency where torque reduction control is 
performed can be controlled. 

[0022] In addition, although torque reduction control was performed with reference to the urinal stall time 
amount TO in the above explanation, the temperature of a motor 10 or an inverter 12 may be referred to. You 
may control to change during the time of the early stages of this control, i.e., until it to become v* from the 
vehicle speed 0, with very loose rate of change (acceleration). Moreover, torque may be reduced so that it may 
become like this example not only control of constant speed but below predetermined acceleration (close to 0 
infinite). 
[0023] 

[Effect of the Invention] In order to carry out reduction control of the torque of a drive motor according to this 
invention so that a urinal stall condition may be detected and the retreat rate or acceleration of a car may 
become below a predetermined rate as explained above, what has a rapid retreat of the car by torque reduction 
control etc. does not become, but it is lost that a pilot feels anxiety by retreat. Moreover, it can prevent local 
generation of heat remarkable in the power circuit of a drive motor and others arising, without forming a 
temperature sensor. 

[0024] Only when allowed time is further set up based on the torque to which it is given by the drive motor anc 
the urinal stall condition is continuing exceeding allowed time, in order to perform torque reduction control 
according to this invention, it can prevent performing torque reduction control and a car retreating in spite of th 
short time from which local generation of heat does not become a problem. 

[Translation done.] 
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^1 0 0«C*C>TtW3tlfchiU^JB^T* q a (,cm~? 

^tfffl^-^ 1 OCD h^^*fijffll*r€> ( 1 0 6 ) „ 
[0017]Xf^lO 2SC^1 0 4{Ccfc^TX 

PiSAc cte£-3#8t»3ftfch^*fg^T* q a teg 

10 ^*tf#3ns. f^tffl^n^HfTo =f (t 

* « ) tt«*«H2CC^3ti*cfc5ftB8«'r**. ftt 

^cD^iii^^^ >hL/ (iio), ^7^>n./cB#r a i 

t*J«fi3tifcXh-^ttS«FlBTo *jttit}fc*5** 
5 a^Tl»3&(,»i»^(Ctt % ^*Cj£^<S h^^{g«*IJffl^<D 



5 

i ooh^^waisiiff-ra < i o e> . 

[0 0 18] Xf';7'l 1 2tC*5l^TB$ia h-^ 
6tt, T* q a -k ( v* - v) h^^JB^T* , 

fcttATs (i i4> o ccoc v v* izm&vcomms 
eras. ktt3@»-c*&. »an^f^ii6- 

*«ff*>tiS4 % S}Tf*-iH0©fflAF^^k (v 
* -v) ♦BS»3KWfij*Sti*Ciitt4fci6*ffffl* 
-* 1 0©S*I:a^-W>-r?-# 1 2©s^-r 

i o i 2<Dm«&m#ajt$tii> m m 

[0 0 19] Xf'^'l 1 4JgfTfftfcJtfT3tiS*?'? 

*8£"C*S. C^^^tt, jfefT/B*-* 1 0<B»E 

*ff*R±r*fc«>«:36ff3ti*. -Tftto*,, 

1 1 1CCJ:5 M'**§4*T* q Offi**<D*£J& K'l'^Jg^ 

•f©*S^^5r ^1 0 6 fc&frj F^I/^MflPSCft 

5. C(D < t9tt*SS«:K±T'<< > V 1 1 6 fcfc 

ft, firftS»^CC(i«<^^^^i 1 8CC4ot>T 

^fg^T* g ccotfwestiftLkrx^?^ 1 0 6**^ 
[0020] x^y?! i 6tc*a>r h^jg^T* , 

& to v 0 7&>53&>©*05Etc J; 0 ¥ift#>52»<D 
^1 1 8<C*fTLThJV*flteT* , PARSES ft 

i 4«cte^rmgswfeh^*i^T > , teg-? 

<W»*««T3ftS. 

[0 0 2 1 ] tcDJ:Mc. J:ft«, 
TC^Sfe*. ^ffffl*-^ 1 0 4 bTjjc^UBSSISJJB* 
*RtfSCitt<» jfeff flB * 1 0-W>'*-* 1 2 
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1 0 coffin? h^^*flS«-ri(DCCf*C^*iaS^ilT4|« 

f^^js^t* a officers dt* h-^i^Bfrdj 

To *R5eU H3eL/c^ h-^ftg«FHti««tc h;!/ 

10 [002 2 ] tt**. «±CDI^Bjr«^ h-WITo * 

r&to*>*i£0 3&>6v* 4«c4*r<OB*ffi*T*8- 

<. 9fS©ftHltt (Bgr>&< 0 fiTFi&SJcS 
[002 3] 

[002 4] ^I^BHCCJ:*!^ £ ^cc. 2^^B$ng^^f 

mic ft 6 ft l > JH5BB K ^ to ffi^JfflJ^H 
ff S IKLWAsSBi-r 5 C 4 c 4 ^ ^ Q 

[ai ] *¥m<D— n*6^j^*j^^*ijfflittftcDSEn** 

[02] C<0*Jt««C*jW*h^^}g^xh-^§ 

[03] «a&wc[>Hi«^*ia**ria'c**. 

[04] #±ttffitcte^S^-^mS£«fil€r^TlElffi0 

40 "C^5 0 

[^<Di»W] 
io jtftm*:-* 

12 ^>^'-^ 

1 4 Ayf r J 
1 6 

1 8 (Hi$K-fe>1f 

U + , LT , V + , V- , W + . *4v*ls>f% 

Acc T^-fe;US)g 
0 N gHEtt 
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77tJLSf\Jt 
Acc 
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